Previous studies from this laboratory describe a guinea pig model for study of attenuated staphylococcal infections (21) (22) (23) (24) (25) . Attempts to determine the fate of an experimental, aerosolinduced staphylococcal infection in guinea pigs prompted the study of exoproducts by vegetative and variant forms of staphylococci to develop a tracer system. A desirable tracer system should be able to detect both vegetative and variant forms in vivo.
The present studies provide additional data demonstrating that elaboration of characteristic exoproducts may be reduced when staphylococcal strains are converted to variant phases.
MATERIALS AND METHODS
Microorganisms and cultural conditions. Stable L-phase variants, G-phase variants, and parent staphylococcal strains used in these studies were obtained from Benjamin M. Kagan (Cedars-Sinai Hospital, Los Angeles). Additional L-phase variants were obtained in this laboratory from the original parent strains or from G-phase variants.
The term "L-phase variant" is used to designate an independent growth variant of bacteria lacking a rigid cell wall and potentially reversible to the parent strain. This definition of L-phase variant conforms to recommendations by Hijmans et al. (8) .
L-phase variants used in these studies were derived from vegetative bacteria after exposure to high concentrations of methicillin (11) . Stable L-phase variant strains, maintained on osmotically balanced horseserum media through serial subcultures for at least 5 years, did not usually revert to vegetative forms when methicillin or penicillin was withdrawn. Experimentally induced reversion of stable L-phase variants to vegetative forms was not consistently attained in the laboratory (7) .
L-phase variants were maintained on Kagan's modified serum-salt (SS) medium (personal communication) containing 10% inactivated horse serum tested for support of mycoplasmas (no. 14-427, Microbiological Associates, Bethesda, Md.), 5% sodium chloride, and 250 ,g of methicillin per ml in Brain Heart Infusion (BHI) broth (Difco no. 0037). When a firmer medium was needed, the broth was solidified with 1.0% Ionagar No. 2 (Colab no. L12, Chicago Heights, Ill.).
L-phase variants were subcultured at least once monthly and incubated at 37 C for 1 or 2 days until microscopic examination showed abundant colonial growth on solid media or abundant cellular growth in hanging-drop specimens of the liquid cultures. The cultures were stored at 4 C. Before testing, L-phase variants were subcultured on appropriate test media and abundant growth patterns were established before the microorganisms were used.
L-phase variants (SL-22, SL-24, and SL-26) used in these studies grew abundantly in typical "fried-egg" colonies on suitable solid media within 16 to 48 hr after subculture (Fig. la) . These stable L-phase variants usually grew into colonies large enough to be seen macroscopically, ranging in size from pinpoints to colonies as large as 3.5 mm in diameter (Fig. 2e) . 644 b '4 .. ' Vegetative staphylococci were maintained on BHI agar, subcultured at least once monthly, and stored at 4 C. Staphylococci were subcultured once or twice on appropriate media just before testing.
No reversion of stable L-phase variants occurred even after 15 subcultures in methicillin-free liquid media stationary cultures. Neither did reversion occur on solid methicillin-free media despite the fact that methicillin was present in most routine subculture media. To date, G-phase variants have been subcultured at least 12 times on BHI agar plates without reversion occurring. Six per cent sheep blood cells added to BHI agar plates did not affect growth patterns of G-phase variants and were not hemolysed.
Reversion could be induced when liquid cultures of these variants in methicillin-free SS medium were incubated at 37 C on a Burrell wrist-action shaker (model BT) at approximately 300 cycles per min. Stable L-phase variants reverted to vegetative staphylococci on the sixth day of incubation. L-phase variants could be isolated from flasks before and concurrently with revertants. G-phase variants reverted on the second to third day under similar conditions. Further incubation with shaking of the cultures did not induce reversion if it did not occur in the first 2 to 6 days of incubation.
Reincubation of L-phase variants grown on SS agar plates previously rubbed with sterile dacron swabs in The total penicillinase activity in liquid shake cultures was assayed for parent strains S-22, S-24, and S-26 and for revertants of S-24 and S-26. Penicillinase assays of L-phase variants SL-24 and SL-26 were also attempted. Penicillinase was induced at the beginning of the logarithmic growth phase by using 0.5 pug of methicillin per ml (18) for vegetative cultures, and enzyme induction was terminated 6 hr later by the addition of 8-hydroxyquinoline to yield a final concentration of 0.83 M (16) . After 8-hydroxyquinoline was added, the cultures were rapidly cooled and kept in an ice bath until assayed. L-phase variants were grown in the presence of 250 jug of methicillin per ml.
The usual medium employed for testing penicillinase activity of vegetative staphylococci was 1% CY (18) . However, since stable L-phase variants did not grow as well in serum-free media as in 10% horse serum-containing media, vegetative staphylococcal strains S-16, S-24, and S-26 were assayed for penicillinase activity in diverse liquid media capable of supporting profuse L-phase growth to determine the effects of different media on penicillinase synthesis.
Media tested included liquid SS and liquid L-CY, with and without the addition of 10% horse serum. "L-CY" medium is 1% CY medium containing 0.1% MgSO4-7H20, 3% NaCl, and inactivated horse serum (10%, v/v).
L-phase variants assayed for penicillinase activity by the Perret method were grown in L-CY medium.
All parent staphylococcal strains, L-phase and G-phase variants, and revertants were tested for penicillinase activity by using the modified Gots test described by Haight and Finland (5 (Fig. 3) .
Alpha hemolysin. Alpha hemolysin elaboration was determined by the method of Bailey and Scott (1) and defined as the highest dilution of supernatant yielding 50% hemolysis (28) . Vegetative staphylococci were tested in Tryptose Phosphate (TP) broth (Difco no. 0060). L-phase and G-phase variants were tested in liquid SS medium. Staphylococcal strain S-24, yielding alpha hemolysin in TP broth, was retested in liquid SS media as a control for differences between diverse media.
Mannitol fennentation and pigment production. Vegetative staphylococci and G-phase variants were tested for mannitol fermentation and pigment production by growth on Mannitol Salt Agar plates.
Coagulase. Tube coagulase tests (4) were performed by using Coagulase Plasma (Difco no. 0286). For these tests, vegetative staphylococci were grown overnight in BHI broth, L-phase variants were grown overnight in SS broth without methicillin, and G-phase variants were grown in SS broth without methicillin and in BHI broth. Parent strain S-26 was also grown in SS broth without methicillin and tested for coagulase production as a control.
RESULTS
Studies on penicillinase elaboration. Table 1 shows penicillinase activity by three parent strains grown in liquid shake cultures of 1% CY medium with and without methicillin induction. No penicillinase activity was demonstrated in the four revertants tested by this method. Corresponding tests on sediments of liqdd L-CY shake cultures of L-phase variants also failed to demonstrate penicillinase activity. No dry weight measurements on L-phase variants were done. However, L-phase populations reached 106 to 107 viable cells per ml in these cultures. Sediment volume was less than 10% of the total. Therefore, an estimate of 107 to 108 cells per ml of the assayed sample may not be unreasonable.
L-CY contains increased salt concentrations and horse serum in comparison with 1% CY medium. To investigate the effects of medium composition on penicillinase elaboration by the microorganisms under study, vegetative staphylococci were grown on diverse media and assayed. Table 3 .
Studies on alpha hemolysin elaboration. Table 4 shows that alpha hemolysin activity, if present in the parent strain, may be reduced or lost during transition through variant phases. Fig. 2b were often observed. Figure  2a , a nonreverting colony with a daughter Lphase colony, is shown for comparison with the reversion event in Fig. 2b . When colonies similar to that in Fig. 2b In studies of staphylococcal spheroplasts and colonies, Hamburger and Carleton (6) described the persistence of "normal-sized, often normallooking cocci" in flasks containing BHI with 5% NaCl, 100 ,ug of methicillin per ml, and 10% human serum. These cells "tended to be replaced by enlarged spheroplasts in the third week ... these cells which possessed the appearance of normal cocci under the phase microscope were incapable of growth on subculture." Hamburger and Carleton used BHI agar plates and SS plates for subcultures. Their indefinite descriptions of the appearance and size of observed cells and the subculture media employed do not preclude the possibility that the observed cells may have been staphylococcal G-phase variants. The possibility of a G-phase stage in methicillin induction of L-phase variants from vegetative staphylococci requires further study.
G-phase colonies studied in our laboratory appear to correspond to the "stable" small colonies described by Swingle (26) and the Gcolonies of Wise and Spink (29). Wise and Spink described a decrease or absence in hemolytic, coagulating, and fermentative activities of G colonies and an absence of penicillinase activity. Reverted G-colony strains recovered the original properties of the parental strains with regard to hemolysin, coagulase, pigmentation, and growth characteristics. Our findings agree generally with these conclusions. Our observations differ from those described by Wise and Spink in that a definite cellular morphology could be assigned to G-phase variants of all five strains studied regardless of the agar media used for cultivation (BHI, SS, L-CY, Mannitol Salt, or 1% CY). The non-phage-typability of L-phase revertants may possibly be related to altered metabolic characteristics of revertants, especially with regard to penicillinase and coagulase elaboration. The possibility also exists that the cell wall composition of revertants is altered, but proof for this contention is currently lacking.
Schonfeld (19) reported that, in four strains of staphylococci, the phage-type of reverted strains was lost after 20 passages in the L phase. New phage types were not found. The phage-typing data of Schonfeld were obtained from Oeding (University of Bergen, Norway). Oeding also investigated the serological patterns of some of Schonfeld's reverted strains. He reported "gradually reduced serological activity and consequently new antigenic pattern, but no definite new serological type" (19) which increased with the time revertants had remained as L-phase variants.
Data from other investigators might also support the thesis that loss of phage type may depend on the number of passages in variant phases, on the length of time involved, and on alterations of metabolic characteristics.
Marston (13) reported that phage types of six strains of reverted cocci were the same as those of the parental cocci, and Williams (27) reported recovery of original parental phage types in three strains. However, the strains used in these studies experienced less than 20 passages in the L phase or were passaged in the L phase for only several months.
Kedzia et al. (12) reported that variants of pigmented parent staphylococcal strains showed different phage types and antibiotic sensitivities. Seligman (20) (14) and Williams (27) 
